Introduction
European land-use cover is expected to change over the next decades (Busch 2006) . Using global scenarios of the Intergovernmental Panel on Climate Change (IPCC) it is predicted that the amount of agricultural land in Europe will decrease, whereas the amount of forest and urban land-use will increase (Schröter et al. 2005 , Verburg et al. 2008 . These predicted changes in land-use can have a strong effect on river and stream morphology and hydrology. The aim of this paper is thus to summarize seven case studies ( Table 1) that were studied as part of the research theme "the interaction between land-use and climate change" forming part of the EU-funded Euro-limpacs project "Evaluating the impacts of global change on European freshwa-2 L. Sandin ter ecosystems" (http://www.eurolimpacs.ucl.ac.uk/). The papers in this series all answer different aspects of how hydromophology at different spatial and temporal scales affect in-stream physical and/or biological data. The papers were produced as part of the Euro-limpacs workpackage on "Climate-hydromorphology interactions" (focusing on river and fl oodplain ecosystems), within the specifi c task "Hydromorphological changes and aquatic and riparian biota".
Objectives of the synthesis
The different case-studies used different (available) data and analysis methods to analyse three questions within the task of assessing hydromorphological changes on aquatic biota: i) effects of historical changes in stream hydromorphology and biota (Verdonschot 2009) , ii) infl uences at different spatial scales on physical features (hydrology and morphology) (Buffagni et al. 2009 , Kail et al. 2009 , Pedersen 2009 , and iii) infl uences at different spatial scales on lotic biota (Pedersen & Friberg 2009 , Sandin 2009 , Syrovátka et al 2009 . The analyses presented in this series all used existing data from seven different river basins across Europe, where all basins were data-rich and included information on climate, land-use and in-stream physical and/or biological data. Because existing data were used, land-use categories, hydromorphological measures and in-stream biota communities differed between the studies and the different studies are used as cases or "experiments" to test the above mentioned three main questions.
Question 1 -effects of historical changes
The Vecht catchment (Verdonschot 2009 ) was the one case study where historical changes in hydrology, morphology and biota were available. The main fi ndings were that a large-scale change had taken place during the last 100 years (a decrease in the amount of heather/peat and an increase in the amount of grassland, fi eld, and urban land-use in the catchment). The amount of forest within the catchment remained the same over the whole period. The change in land-use was followed by a change in the general morphological features of the Vecht catchment (a decrease in longitudinal profi le, total stream length, and average sinuosity, and an increase in the number of weirs). No large change in discharge patterns was, however, found during the last 50 years (Verdonschot 2009 ). For temperature and precipitation there was a positive trend over the last 100 years within the catchment and thus in this study no relationship between climate change and changes in land-use or stream hydromorphology could be found. This could also be seen since most of the large changes within the catchment took place during the beginning of the 20 th century, before the major changes in temperature and precipitation had taken place. Thus societal and agricultural development had a much larger effect on the streams than climate change, as has also been noted across Europe (Kristensen & Hansen 1994) . Similar results were also found by Schröter et al. (2005) were these authors predict stronger land-use change effects across Europe because of economical and societal factors than climate change effects.
The large dataset of macroinvertebrates from the Vecht catchment (Verdonschot 2009 ) included four main site groups, where "width and depth" i.e. the dimensions of the stream channel was one such group, the other main types were gradients related to acidity, duration of drought, and "stream character". With a model based on physical and chemical data a possible future benthic macroinvertebrate community in the Vecht Land-use, hydromorphology and river biota in streams 3 catchment was predicted (Verdonschot 2009 ) where the author suggest that the future community change, e.g. to temporary upper courses, and canalised and natural upper-and middle stream and river courses, with a decrease in the ecological quality of benthic macroinvertebrates. These changes were, however, expected to be relatively small compared to the changes that have already taken place during the time period where the major land-use and stream morphology changes took place. There are also most probably strong legacy effects such that effects of disturbance can continue to affect the stream ecosystem long after the initiation of the human induced pressure (Allan 2004) . This was also found by Roper et al. (2007) who showed that physical habitat variables (i.e. sinuosity, median particle size, and percentage of undercut banks) were more strongly related to vegetation disturbances in the catchment (at different spatial scales) taking place 1985-1993 as opposed to 1993-2000. Similar results were found by Harding et al. (1998) who found stronger relationships between 1950's land-use in North Carolina with present day fi sh and macroinvertebrate diversity than related to present day land-use. Thus the changes caused by the reformation of the landscape and in-stream features taken place in the beginning and middle of the 20 th century might still induce changes in the stream biota of today and into the future.
Question 2 -spatial scale effects on hydromorphology
Stream and river ecosystems can be seen as hierarchically nested where environmental factors at different spatial scales affect the in-stream community by acting as "fi lters" for the biota (e.g. Poff 1997) . Using the cases from this series to assess which spatial scale is more important for the hydromorphological parameters did not give a clear-cut answer. Kail et al. (2009) found a stronger relationship between catchment fl oodplain land-use and hydromorphological parameters than between the near-stream zone (reach buffer) and hydromorphology. Buffagni et al. (2009) did not fi nd any signifi cant relationships between land-use at the sub-catchment scale and hydromorphological features, and only a few relationships between catchment land-use and hydromorphological features. These authors instead found that the channel form was correlated with land-use at the intermediate/site scale but not at the catchment/sub-catchment scale. These fi ndings are in contrast to the Emå River basin (Sandin 2009 ) where a much larger proportion of the in-stream hydrology and morphology could be explained by the near-stream zone land-use than by catchment landuse. The main gradient in the study by Sandin (2009) , as well as the study by Pedersen (2009) was along an altitudinal gradient from forested upland areas with smaller catchments to lowland areas with larger catchments and predominantly agricultural land-use. Pedersen (2009) in his study of small, Danish streams also concluded that stream reach morphology is infl uenced by valley slope as well as by the riparian vegetation.
Thus two studies (Sandin 2009 , Pedersen 2009 ) and to some degree the study by Buffagni et al. (2009) found near-stream variables to be more important in explaining hydromorphological features, whereas one study (Kail et al. 2009 ) found catchment-scale factors to be more important. Putting this into perspective, Allan et al. (1997) found a stronger relationship between channel characteristics and the amount of agricultural land-use at the catchment-scale compared to smaller scales (e.g. in the riparian zone). This is also in agreement with a study by Townsend et al. (2003) who showed that altitude of the stream reach is intimately connected to differences in vegetation types. A similar pattern was also found across Sweden (Sandin 2003) where catchment-scale variables and fl ow regime were the dominant factors in separating the stream sites and is in line with a number of earlier studies that have found the riparian zone to strongly infl uence in-stream hydrology, substratum composition, and water chemistry (e.g. Allan et al. 1997 , Harding et al. 1998 , Stone et al. 2005 ). Whether or not catchment scale or reach scale vegetation are found to be the strongest predictors of in-stream features is also dependent on study design factors (Allan 2004) e.g. whether sampled reaches are replicated within catchments (e.g. Lammert & Allan 1999) or not (e.g. Roth et al. 1996) . The correlation between catchment and riparian vegetation type as well as whether the measured in-stream parameters are more infl uenced by direct local pathways or not will also infl uence the conclusions drawn from multiscale assessments (Allan 2004) .
Question 3 -spatial scale effects on stream biota
The fi nal question at which spatial scale environmental factors are most important as "fi lters" (e.g. Poff 1997) for in-stream community composition was assessed in two studies at the catchment scale (Sandin 2009 , Pedersen & Friberg 2009 ), whereas the study by Syrovát-ka et al. (2009) analyzed in-stream hydromorphological feature effects on Oligochaeta and Chironomidae communities. The Danish study (Pedersen & Friberg 2009) found that community composition was related to a multitude of environmental factors and pressures at different spatial scales. These variables were, however, mainly "local" and also Sandin (2009) found that nearstream zone vegetation explained more of variation in the benthic macroinvertebrate community composition than did either catchment or in-stream environmental variables. This is in concert with earlier studies (e.g. Chaves et al. 2005 , Parsons & Thoms 2007 ) who found local-scale variables to show stronger relations to lotic macroinvertebrate community composition compared to regional-scale variables.
In the Svratka River (Syrovátka et al. 2009 ) the Oligochaeta and Chironomidae communities were most strongly related to hydraulic parameters, and in the study by Pedersen & Friberg (2009) , in-stream variables such as substratum heterogeneity and amount of gravel substratum were related to the fi rst (strongest) lotic macroinvertebrate gradient. In the study by Sandin (2009) the best in-stream predictors were related to vegetation types and cover i.e. another group of variables correlated with velocity and substratum type. It is not surprising that variables related to hydraulic conditions came out as important predictors, since e.g. current velocity and other parameters related to velocity (e.g. stream size, slope, and substratum composition) have been shown to have a major infl uence on lotic macroinvertebrate community composition (e.g. Wiberg-Larsen et al. 2000 , Mérigoux & Dolédec 2004 .
Only one study (Pedersen & Friberg 2009 ) analyzed the relationship between macrophyte community composition and environmental variables. The most important environmental factor was whether or not weed cutting had taken place in the stream, but the macrophyte community composition was also related to the naturalness of the riparian corridor. Pedersen & Friberg (2009) also investigated fi sh communities in small, Danish streams and attributed differences in fi sh species richness to the amount of disturbance of the stream.
As Allan (2004) pointed out, identifying the most important spatial scales (e.g. regarding land-use effects on stream channel features and biota) is diffi cult. There are many reasons for this: i) the covariation between anthropogenic and natural factors across the landscape, ii) many of the mechanisms of importance are scale-dependent, iii) responses are non-linear, and iv) both present day as well as historical factors infl uence present day patterns in channel features as well as in lotic biota (Allan 2004) . Also the correlation (negative or positive) among different land-use types at the catchment scale as well as spatial autocorrelation in the dataset can potentially obscure the conclusions drawn from studies comparing the importance of different spatial scales (King et al. 2005) . To truly disentangle the effects of fi ne-scale versus coarse-scale factors as drivers of change in community composition analyses including large-scale replication is needed (e.g. Townsend et al. 2004 ).
Conclusions
A multitude of environmental variables and gradients at different spatial scales affect in-stream physical as well as biological parameters. Which of these variables extort the strongest infl uence on hydromorphology and lotic biota differs among studies as can be seen from the seven papers summarized here. One conclusion from these studies is that there is a general pattern with gradients from up-stream headwaters to down-stream stream reaches with predictable changes in vegetation and hydromorphological relationships along the gradient. This is of course nothing new, but rather it was surprising how many different spatial scales and types of environmental variables were found to be important in structuring in-stream physical and biotic variables in the different studies. Further investigations using standardised sets of environmental variables and possibly also standardised biotic sampling methods as well as clear defi nitions of which spatial scales are investigated are needed to further disentangle the importance of land-use at different spatial scales on in-stream hydromorphology and biota. It is also clearly necessary to widen the analysis methods from correlative to such methods that investigate the mechanistic relationships among variables within a catchment.
